Abstract: Imidazolium-based chloride ionic liquids (ILs) have exhibited remarkable performance in several important applications such as biomass dissolution and extraction, but their large viscosity is a non-negligible problem. Adding molecular co-solvents into chloride ILs is effective in reducing viscosity; nevertheless, understanding of the accompanied change of thermodynamic polarity is quite few. Therefore, in this work we reported three Kamlet-Taft solvatochromic parameters, including dipolarity/polarizability ( *), hydrogen-bond acidity ( ) and hydrogen-bond basicity ( ), for the binary mixtures of several imidazolium-based chloride ILs plus either dipolar protic solvents (water and methanol) or dipolar aprotic solvents (dimethyl sulfoxide, N,N-dimethylformamide and acetonitrile). The results demonstrated that those parameters could be altered by the structure of IL and type of co-solvent owing to the solute-solvent and solventsolvent interactions. The structure of alkyl chain of cation had considerable impact on the * variation of IL aqueous solution against IL concentration but hardly affected other mixtures. Moreover, remarkable preferential solvation of probes was observed for and in the mixtures of IL and dipolar aprotic co-solvents, whereas the hydrogen-bond interactions between IL and dipolar protic co-solvent enabled the preferential solvation to be alleviated and resulted in more linear variation of and against the molar fraction of IL. The results not only contribute to a better understanding of the effect of co-solvent on imidazolium-based chloride ILs, but also are instructive for improving the thermodynamic performance of IL-based applications via providing IL+co-solvent mixtures with desirable physicochemical properties.
INTRODUCTION
Nowadays, ionic liquids (ILs) have drawn a great deal of prevalence in various chemical processes because of their unique properties such as insignificant vapor pressure, wide liquid range, good thermal stability and so on [1] [2] [3] [4] . In particular, among all investigated ILs, substantial attention has been attached to imidazolium-based chloride ILs. Through a one-step reaction, this kind of ILs can be easily synthesized with economic feasibility. More importantly, compared with other ILs, they have significant advantage of stronger hydrogen-bond basicity so as to outperform others in many important applications. Imidazolium-based chlorides have better dissolving capacity towards cellulose and lignin than most of other ILs, which facilitates the processing and transformation of biomass in high efficiency [5, 6] . Their high affinity for alcohols and phenolics provides opportunities for azeotrope separations and purification of bioactive substances [7, 8] . Moreover, good solubility of metal compounds in ILs enables enhanced catalytic reaction performance to be achieved [9, 10] .
However, the fact that the viscosity of imidazoliumbased chloride ILs is very high imposes restriction on dissolving and mass-transfer processes. Blending neat ILs with molecular solvents to form IL+cosolvent mixtures is supposed to be a good strategy to boost extensive applications in terms of kinetics owing to the remarkably reduced viscosity [11] [12] [13] . Nevertheless, an important issue, how the polarity of mixtures differs with the pure imidazolium-based chloride ILs has not been well elucidated, which limits the understanding of these mixtures and their applications in terms of thermodynamics.
Till now, the most widely used method to study the polarity of solvents is solvatochromism method based on the variation of ultraviolet absorption of probe molecules aroused by interactions of probe solute molecules with solvent molecules. As a general description to embody overall strength of solute-solvent interactions, polarity can hardly be described by a single parameter [14] . To figure out this problem, Kamlet and Taft decomposed polarity into three parameters [15] [16] [17] , namely dipolarity/polarizability ( *), hydrogen-bond acidity ( ), and hydrogen-bond basicity ( ), with the use of three different solvatochromic probes. These parameters have been determined for many pure imidazolium-based or pyridinium-based ILs as well as their mixtures with cosolvents [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [32] .
In this study, a systematic exploration on the Kamlet-Taft solvatochromic parameters of imidazoliumbased chloride IL+cosolvent mixtures was carried out with the use of three kinds of probes (Figure 1) . We investigated three types of imidazolium-based chloride ILs,1-butyl-3-methylimidazolium chloride ([Bmim]Cl), 1-hexyl-3-methylimidazolium chloride ([Hmim]Cl) and 1-allyl-3-methylimidazolium chloride ([Amim]Cl) mixed with dipolar protic solvents (water and methanol) or dipolar aprotic solvents (dimethyl sulfoxide,N,Ndimethylformamide and acetonitrile). The structures of ILs are shown in Figure 2 . The effects of IL structures and cosolvent types in binary mixtures on the variation of solvatochromic parameters though solute-solvent and solvent-solvent mechanisms were discussed. 
EXPERIMENTAL METHODS

Materials
Method
A certain amount of probe-dichloromethane solution, formulated by dissolving solvatochromic probes into dichloromethane solvent, was added to a small vessel followed by an entire evaporation of dichloromethane.
Samples with moderate concentration could be achieved when adding neat ILs or IL+cosolvent mixtures into the vessel, which was ready to be shifted to a quartz cuvette for UV analysis. An external super circular water-bath was used to maintain temperature at 308.15±0.1K. Then the maximum absorption wavelength of each sample was recorded by ultraviolet-visible spectrum scanning. Scanning should be repeated for seven times to eliminate measurement deviation. All the ILs should be dried under high vacuum for 24h at 435.15K prior to solvatochromic experiments.
RESULTS AND DISCUSSION
Dipolarity/Polarizability ( *)
The usage of dipolarity/polarizability ( *) was to describe the non-specific parts of van der Waals interaction, such as dispersion, induction and electrostatic interaction [17] . * value could be obtained from the spectroscopic shift of N,N-diethyl-4-nitroaniline (DENA) by Eq. (1):
Where, DENA was the maximum absorption wave number of DENA in solvent. The * values of neat imidazolium-based chloride ILs and cosolvents were listed in Table 1 . Seen from the table, except for H 2 O, * values of pure ILs were normally higher than those of pure cosolvents.
In general, there would be a specific solvation microsphere around spectroscopic probe due to the solute-solvent interactions. The solvatochromic parameters from the response of probe molecules were determined by the solvent composition of solvation microsphere by Eq. (2) [27] :
Where, R was the integrated response in binary mixture. R 1 and R 2 were responses of probes in two pure solvent components while X 1 and X 2 referred to the molar fractions of two solvents in solvation shell, respectively. Therefore, if * value in a binary mixture was linearly related to the molar fraction of solvent, it illustrated a good consensus between the solvent composition of solvation microsphere around probe molecule and that of the mixture bulk, that was to be conceived as "ideal condition". Otherwise, in the occasion that local concentration of solvation microenvironment underwent a deviation from bulk concentration, preferential solvation arose. 
Hydrogen-Bond Basicity ( )
Hydrogen-bond basicity could be defined as the ability of hydrogen-bond acceptor to donate electron pairs.
In Kamlet-Taft theory, gauging both spectroscopic shifts of 4-nitroaniline (NA) and DENA could acquire hydrogen-bond basicity ( ) by Eq. (3) To the best of knowledge, was primarily susceptible to the choice of anions of ILs [18] . Further analysis helped us to give insight into these phenomena. We knew that the hydrogen-bond basicity of imidazolium-based chloride ILs was mainly derived from chloride anion (Cl - 2 O was featured by a relatively conspicuous nonlinearity. In contrast, ACN, DMSO and DMF belonged to typical dipolar aprotic solvents whose interactions with Cl -might be greatly impaired, which could not only maintain the original hydrogen-bond basicity of Cl -but also in some degree produced more "free" Cl -to interact with NA compared with protic solvents. Even in slight addition of IL an equivalent strength of Cl -around NA in mixture to that of Cl -in pure IL was able to be achieved. Therefore, a favorable interaction between indicator and IL was uncovered particularly in IL dilute region, giving rise to a positive deviation from idea . A careful look at DMF or ACN with [Hmim]Cl would perceive, in specific composition range, became seemingly even higher than that of neat [Hmim]Cl which might be ascribed to specific solvent complex formed in the mixture [34] .
It should be pointed out that in mixtures of dipolar aprotic solvents, DMF, DMSO and ACN, a molar fraction of imidazolium-base chlorides ILs less than 0.1 was enough to alter to a high value, which would be of crucial significance in practical application. Especially in separation process that depended on hydrogen-bonding interaction as the main mechanism, like dissolution or extraction of acidic materials, good separation efficiency could be achieved as adding only small quantity of ILs into these aprotic cosolvents. An access of IL in mixture would not merely generate cost increasing and viscosity lifting but also result in lower separating performance instead. This deduction was verified by the research of extractive separation of tocopherol homologues by [Bmim]Cl+ACN binary mixture [32] .
Hydrogen-Bond Acidity ( )
Hydrogen-bond acidity reflected the ability of hydrogen-bond donator to accept electron pairs [15] . With reference to the 1,3-dialkyl substituted imidazolium ILs, hydrogen-bond acidity mainly stemmed from C2 hydrogen in imidazolium ring [35] . According to Kamlet-Taft solvatochromic method, could be calculated from E T (30) and * through Eq. (4) 
Where h was the Planck constant, c was the velocity of light, N A was the Avogadro number and Rd was maximum absorption wave number of Reichardt's dye in solvent. Based on the molecular structure of Reichardt's dye, E T (30) manifested combined outcome of dipolarity/polarizability ( *) and hydrogen-bond acidity ( ), so could be estimated via Eq. (4). Based on the previous discuss of hydrogen-bond basicity ( ), the reason might also be ascribe to the weak interaction of [Hmim]Cl and aprotic solvents to keep the hydrogen-bond acidity of [Hmim] + close to its pure-state value and also produce more "free" [Hmim] + to interact with probe molecule.
CONCLUSION
In summary, the performance of Kamlet-Taft solvatochromic parameters ( *, , ) in IL+cosolvent mixtures could be altered by IL structures and cosolvent types owing to solute-solvent and solventsolvent interactions. * of mixtures were mainly determined by the nature of pure ILs or cosolvents, and the variation of cation of ILs was effective at altering * of IL+H 2 O mixtures mainly by changed hydrophobicity while made negligible effect on or . The manifestation that probe molecule was dominated by ILs could be obviously observed in or of ILs with dipolar aprotic cosolvents while the hydrogen-bond interactions between ILs and dipolar protic cosolvents, like H 2 O and MeOH, enabled preferential solvation to be alleviated. Besides, there is likely to be presence of solvent complex in specific composition where solvatochromic parameters were even higher than those of neat ILs and cosolvents. The above mentioned results are instructive for the understanding and design of IL+cosolvent mixtures for better performance of ILbased applications such as biomass dissolution and extraction, which provides opportunities of tuning the thermodynamic solvent-solute interactions by the polarity of solvent.
